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concentrations of lysozyme were used, precipitation of cells occurred. "Insensitive" cells could be sensitized by the addition of potassium hydroxide, n-butanol, steapsin, or urea, as demonstrated by the subsequent addition of lysozyme. Not all species were sensitive to these agents in the same degree; hence, a spectrum was obtained after the use of the pretreating agents and lysozyme. Optimal clearing of suspensions was observed when cells were suspended in pH 6.6 physiological saline or 0.15 M phosphate buffer and incubated at 45 C. Heat treatment (75 C for 10 min) or freezing (-32 C) and thawing (room temp, 25 C) for one cycle did not increase the sensitivity of the cells to lysozyme. Injury to the cells was evident by the increased amount of lysis noted after pretreatment with potassium hydroxide. When cells were frozen and thawed for three cycles, four of the six species were sensitive to the action of lysozyme. Isolated cell walls elicited a similar lytic pattern to that of whole cells. Individuality of the lytic response of the species (from most sensitive to least sensitive-A. aquamarinus, A. butyri, A. viscosus, A. parvulus, A. guttatus, A. hartlebii) produced a separation scheme. Exhaustive tests proved it to be stable and reliable for these species. The organisms were identified, with the use of the separation scheme, by a person initially unfamiliar with the scheme or the culture.
Many gram-negative cells in the exponential phase of growth are insensitive to the lytic action of lysozyme alone. Studies by Grula and Hartsell (1957a, b) , Noller and Hartsell (1961a, b) , and others have shown that gram-negative organisms may be conditioned for lysozymic lysis by pre-or co-lytic treatments. The insensitivity of gramnegative cells to lytic agents has been thought to be conferred by a protein layer (Becker and Hartsell, 1954; Salton, 1958) which protects the mucopolysaccharide substrate. Kellenberger and Ryter (1958) and McQuillen (1960) suggested that the mucopolysaccharide substrate is sandwiched between two layers of lipoprotein. Therefore, any treatment that would cause a dissociation of the lipoprotein layer would expose the substrate of lysozyme and permit lysis to proceed.
This study was based upon the concept that the individualism of the cell, as a result of growth under constant conditions of medium for growth, incubation temperature, time, and appropriate lytic system, should be reflected in the lytic behavior of the cell. If the concept could be delineated, then a scheme for speciation could be developed. In only a few instances has research suggested the possibility of utilizing lytic response(s) as a determinative method (Noller, 1960; Shively, 1959; Hartsell and Caldwell, 1961) . The feasibility of the concept for the differentiation of certain Achromobacter species is projected herein.
MATERIALS AND METHODS
Cultures. The following cultures of Achromobacter were used in these investigations: A. aquamarinus E-20-D (Rush, 1947) , A. butyri J-47-D (Rush, 1947) , A. guttatus G-7-R (Rush, 1947), A. hartlebii (ATCC 365, Bergey's Manual, 2nd ed., 1925; nee A. pestifer, 5th ed., 1938) , A. parvulus (ATCC 4335), and A. viscosus (ATCC 12448, Bergey's Manual, 2nd ed., 1925; as Alcaligenes viscosus in 6th ed., 1948; and as A. viscolactis in 7th ed., 1957) . The organisms were grown in yeast extract, Veal Infusion broth (YEVI: 3 g of yeast extract, 5 g of peptone, 5 g of Trypticase, 5 g of sodium chloride, 0.1% dextrose, 100 ml of Difco Veal Infusion, and water to a volume of 1 liter; pH 7.0) on a Burrell wrist-action shaker for 18 to 24 hr at 25 C.
Lysozymic lysis. Cells were washed three times in double-distilled water and suspended in either pH 6.6 saline (0.85%) or 0.15 M phosphate buffer. Samples (2 ml) of suspended cells were subjected, respectively, to varying concentrations of lysozyme (final concentration: 0.5 ,ug/ml to 1 pg/ml), and the mixtures were incubated at 45 C for 1 hr. The reduction in turbidity was determined visually. In the visual method of determining lysis, 25 to 50 % clearing was considered as +1, 50 to 75% as +2, 75 to 90% as +3, and 90 to 100% as +4. After selection of the extreme reactions of these qualitative assessments, the meaningful systems were obtained. Furthermore, the visual method has more practicality than spectrophotometric measurement should the correlations result in a useful routine procedure. The loss in turbidity attributed to lysozyme (or other lytic agent) was determined by comparison with a control containing an equivalent amount of added diluent.
Alkali lysis and pretreatment. Washed cells (2 ml) were suspended in the above-mentioned diluents, and 2 ml of the appropriate concentration of potassium hydroxide were added to give a final concentration of 0.026 to 0.009 M in successive tubes. The mixtures were incubated at 45 C; then lysozyme was added to give a final concentration of 20 ,ug/ml. The tubes were reincubated for 1 hr and the reduction of turbidity was noted before and after the addition of lysozyme.
Butanol lysis. Butanol (final concentration: 5% v/v) was added to 2 ml of suspended cells. Lysozyme (33 ,ug/ml) was added to the mixture, and the tube was incubated at 45 C. Lysis with butanol alone was assessed by incubating tubes for 1 hr prior to the addition of lysozyme.
Steapsin lysis. To 2 ml of cells, 2 ml of steapsin (final concentration: 50 or 100 ,ug/ml) were added, and the mixtures were incubated at 45 C for 1 hr. Lysozyme was then added (3 or 20 ,ug/ml in successive tubes), and the tubes were reincubated for 1 hr.
Urea lysis. To 2 ml of cells, 2 ml of urea (final concentration: 40 ,ug/ml) were added, and the same procedure indicated for steapsin was followed.
Isolation and lysis of cell walls. YEVI brothgrown cells in the log phase were washed and suspended in water. A 4-ml portion of a heavy cell suspension was added to a Nossal tissue disintegration tube which contained 4 ml of glass beads (mean diameter: 100 ,u; Minnesota Mining & Manufacturing Co.). Breaking time for the organisms was from 6 to 8 min. Optimal breaking (95% rupture of whole cells) was determined by phase microscopy. Intact cells and beads were centrifuged for 10 min at 1,085 X g in a Servall refrigerated centrifuge. Cell walls were washed with 1 M sodium chloride and centrifuged at 23,500 X g for 20 min; the process was repeated three times with distilled water as the diluent. Lysis of cell walls was determined by suspending them in physiological saline (pH 6.6) and observing the reduction in turbidity after the addition of lysozyme at a final concentration of 10 to 100 ug/ml.
Heat or freeze-thaw treatment of cells. Washed cell suspensions were heated at 75 C for 10 min. The lytic agent (lysozyme or potassium hydroxide) was then added, after which the tubes were incubated at 45 C for 1 hr. Cell suspensions were frozen at -32 C and thawed at room temperature (25 C); then the lytic agent(s) was added and the tubes were incubated at 45 C for 1 hr. Change in turbidity was observed after treatment (heat or freeze-thaw) and after incubation with the lytic agent.
RESULTS
Lysozymic lysis and chemical pretreatment. (Table 3) . However, when lysozyme (8 gAg/ml) was added to steapsin-pretreated cells all suspensions manifested more lysis. Steapsin (Table   TABLE 1 Serra (1958) . To uncover the lysozyme substrate of the Achromo-1013 VOL. 85, 1963 on July 13, 2017 by guest http://jb.asm.org/ Downloaded from bacter, urea was added to cell suspensions to give a final concentration of 40 ,g/ml. After incubation, all cell suspensions except A. parvulus cleared. When lysozyme (final concentration: 8 ,ug/ml) was added, all suspensions cleared sufficiently for a spectrum of lysis to be observed (Table 3) .
Lysozyme and alkali lysis after physical pretreatment. Heat treatment of cells (75 C for 10 min) aided the action of alkali lysis (0.009 M KOH). The only species that did not lyse when so treated were A. guttatus and A. hartlebii. That heat caused damage to the intact cell was noted after the subsequent action of the alkali; this concentration did not cause noticeable lysis of unheated cell preparations. The heatingprocedure, however, did not sensitize the cells to subsequent lysozymic lysis.
When the test species were frozen and thawed (one cycle) and then subjected to 0.009 M KOH, the only organism thatdid not lysewas A. hartlebii. Frozen and thawed cells (one cycle) were resistant to the depolymerizing action of 50 ,ug/ml of lysozyme alone. When frozen and thawed cells (one cycle) were subjected to these concentrations of alkali and lysozyme, all cultures lysed except A. hartlebii.
Cells frozen and thawed for three cycles did not exhibit additional clearing with alkali as compared with cells frozen and thawed one cycle. However, with cells frozen and thawed for three cveles, four of the six Achromobacter species lysed with lysozyme alone (A. butyri, A. guttatus, A. hartlebii, and A. parvulus).
Lysis of cell walls. Cell walls were suspended in saline, and successive tubes of each species were subjected to 1.25, 10, or 50 ,ug/ml (final concentration) of lysozyme. The cell walls elicited the same lytic response to lysozyme as did intact cells; therefore, the lysozymic lysis of intact cells of some species must be preceded by suitable methods for exposing the substrate in the cell wall.
A lytic ranking has been devised based on all lytic systems used in this study. The organisms, from most sensitive to least sensitive, were A. aquamarinus, A. butyri, A. viscoszts, A. parvulus, A. guttatus, and A. hartlebii. Separation of Achromobacter species. A separation scheme has been devised for the six species of Achromobacter (Fig. 1) . The organisms were treated as "unknowns" and consistently identified by means of the scheme by a person initially unfamiliar with this method of separation. Replicate tests, with the respective systems acting on each species performed at intervals up to 22 months, gave the same results, thus indicating the constancy of the lytic response. Of special interest is the fact that these correlations can be made after 2 hr or less. DISCUSSION The lytic spectrum manifested with the use of lysozyme and various chemical or physical pretreatments active on six species of Achromobacter has been shown. The lysis of isolated cell walls verified the existence of the lysozyme substrate in cell walls as reported by other investigators (Salton, 1955; Abrams, 1957) . The lytic results correlated directly when lysozyme acted on isolated cell walls or whole cells: the most lysozymesensitive whole cells possessed the most sensitive isolated cell walls.
When the Achromobacter were suspended in pH 6.6 physiological saline and subjected to a lysozymic concentration of 50 to 100 ,ug/m], three of the six species lysed. If a higher concentration of lysozyme (200 ,ug/ml) was used, precipitation of cells occurred. At lower concentrations of lysozyme (5 ,g/ml), only the lysozyme-sensitive control species A. radiobacter and M. lysodeikticus lysed. Therefore, these observations confirm the fact that gram-negative cells often lyse with lysozyme under special conditions [Nakamura (1923) procedure] , that lysozyme in high concentration can precipitate cells, and that after the appropriate pretreatment the extent of final lysis reflects the amount or the manner of distribution of the substrate in the cell wall.
The "lysozyme-insensitive" species were sensitized to lysozyme by pretreatment with potassium hydroxide, butanol, steapsin, or urea. Synergistic response was noted with each of these pretreatments when followed by the stable characteristic of strains which was consistently reproducible. A synergistic, as well as a spectrum of, response was also noted when lysozyme was added to butanol-pretreated cells. In the alkali-lysozyme and the butanol-lysozyme systems, A. aquamarinus and A. viscosus lysed maximally suggesting that the lipoprotein layer could be a reflection of the thickness of the layer. The possibility also existed that the lipoprotein layer was not oriented or not bound as tightly to the mucopolysaccharide layer in these species; hence, the substrate could be easily uncovered by alkali or butanol.
Another correlation between lipoprotein, substrate, residual protein framework, and lysis was made relative to cell architecture and turgidity. The swelling and shrinking phenomenon of "ghosts," first observed by Grula and Hartsell (1957a) and studied again by Noller and Hartsell (1961b) , was not manifested by these Achromobacter, even though they were present. Noller and Hartsell (1961b) 
